(5-isopropenylCp)M(C0)2, where M = Co, Rh, (5-isopropenylCp)M(C0)3CH3 and (5-isopropenylCp)2Sn have been prepared. The homopolymerization kinetics of (5-vinylCp)W(C0)3CH3 and (5-vinylCp)Cr(C0)2N0 were studied. Copolymerization of several 5-vinylCp monomers with styrene, methyl acrylate, acrylomitrile and N-vinylpyrrolidone were conducted using radical initiation. From the reactivity ratios, values of the Alfrey-Price Qe parameters were obtained, illustrating that all of the metallic monomers studied were exceptionally electron rich. Catiomic initiation of the (5-isopropenylCp)-metal type monomers gave low molecular weight homopolymers and copolymers at best. The syntheses of 1,1'-bis(-aminoethyl)ferroceme and 1,1-bis (-hydroxyethyl)ferroceme and their imterfacial polycondensation with both diacid chlorides and diisocyamates was conducted. These two monomers were compared to their corresponding 1,1"-bis(a-substituted)ferrocene analogs which had been previously studied in polycondensations.
INTRODUCTION
Organometallic polymers are useful in a variety of applications ranging from antifouling agents to catalysts to semiconductors (ref. [1] [2] [3] . The synthesis of organometallic polymers can proceed by modifying known polymers with orgamometallic units or by preparing organometallic monomers and then polymerizing (or copolymerizimg) them. Monomers 1 -4 represent organometallic monomers previously prepared and polymerized in our laboratory (ref. 4) . In each case the orgamometallic group can electronically interact with the polymerizing center. In the radical initiated homopolymerizatiom of both vinylferrocene, ! in benzene and vinylcymantreme, 4, unusual homopolynerization kinetics were observed (ref. 11, 12) . The polymerization of ,,. was first order both in monomer and in initiator (AIBN) exhibiting:
Vp5.64x10 [i] 112[AIBN}111 due to a novel monomolecular termination mechanism caused by electron transfer from iron to the radical center followed by termination (ref. A more general synthesis of the (n5-vinylCp)-metal type monomers was developed using 6-methylfulvene (ref. 28, 29) . Treatment of 6-methylfulvene with LDA in THF at 25° gave vinylcyclopentadienyl lithium. Likewise reaction of 6,6-dimethylfulvene with LDA gave isopropenylcyclopentadienyl lithium. Both these salts react with a variety of organometallic compounds to directly afford the n5-vinyl-and n5-isopropenylcyclopentadienyl metal monomers 8 -22. This is a convenient means of introducing both vinyl-and isopropenylcyclopentadienyl moieties into organometallic systems incapable of undergoing electrophilic substitution.
CH: + LDA ) t-'::
M=Mo,Y=58%
CH2CH2OF( HOMOPOLYMERIZATION KINETICS OF (q5-VINYLC5H4)W(CO)3CH3 and (ii5-VINYLC5H4)Cr(CO)2N0
(5-VinylCp)W(CO)3CH3, 7, homopolymerized sluggishly in benzene using AIBN initiation at 600 (ref. 26, 32) . The rate law: rp = 1.13 x 10 2 [7] [AIBN]2'3 emerged. Several reinitiations were usually needed to get good homopolymer yields. Chain transfer via hydrogem abstraction from W-CH3, the Cp ring or backbone methine positions was ruled out. The polarity of the solvent did not strongly influence homopolymerization of 7.
Homopolymerizations of (5-VinylCp)Cr(CO)2NO, 5, in ethyl acetate using AIBN as the initiator were slow. The values of Q indicate substantial resonance stabilization of the n-organometallic propagating radical exists in each case. Thus, the electron deficient radical center is delocalized into the ring. As one would expect, each of these monomers resists homo-or copolymerization via anionic initiation. The Qe scheme holds for a variety of electron rich comonomers. Thus, similar e-values are obtained using N-vinyl-2-pyrrolidone (e = -1.14, Q = 0.14) as M2. However, when electron attracting monomers such as methyl acrylate or acrylonitrile are used the results vary substantially. This is the result of a contribution into the copolymerization mechanism of charge-transfer complexes between the very electron rich organometallic monomers with the electron attracting comonomer. Likewise, 1,1-bis(-hydroxyethyl)ferrocene, 24, reacts with diacid chlorides and diisocyanates to form ferrocene-containing polyesters and polyurethanes, respectively. Since the reactive groups (NH2, OH) are two methylene units removed from the ferrocene nucleus, steric effects are reduced and the instability found in polymers of n-functional ferrocenes, due to the n-ferrocenyl carbonium ion stability, is removed. The polyamide obtained with adipoyl chloride was elastomeric and the polyureas were hard powders.
.CH2CH2OC-R--C j. Further studies involving the polymerization of 23 and 24 and their ruthenium and osmium analogs for thermoplastic block copolymers and for surface modified electrode films is underway.
An interesting possible use of organonetallic polymers involves their use in preparing highly dispersed metal or metal oxides within polymer films. By decomposing an organometal-lic moiety which is chemically attached along the polymer chain one might be able to prepare very tiny metal or metal oxide particles within the polymer matrix. Highly dispersed metal oxide particles are of interest in a variety of materials applications. Since homopolymerization and copolymerization of cobalt monomer 3 led to decomposition of a fraction of 3 in some cases, we undertook the incorporation of 3 into styrene-divinylbenzene resins under mild conditions (ref. 37) . Both solution and latex terpolymerizations of 3with styrene and divinylbenzene were carried out at temperatures of 25°C or below. The resulting resins exhibited IR spectra with carbonyl stretching frequencies the same as pure 3. Thermal and photolytic decompositions of the -CCo(CO)9 moiety, in air, within the resins resulted in very fine dispersions of cobalt oxides within the resins.
